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‘‘ Miners’ Safety-Lamps.” 
By J. B. MARSAUT. 

(Translated  and  Abstracted  by ALFRED BACHE, B.A., 
Assoc. Inst. C.E.) 

IN an elaborate essay by  the engineer-in-chief of the BessAges 
Collieries, Gard, in  the  south of France,  this  important  subject 
is  investigated  with  characteristic care, thoroughness, and dis- 
criminating fairness. Belgium having in 1864 decreed the use of 
a standard  pattern of the Mueseler safety-lamp for her deep and 
fiery coalpits, the same lamp  has come into extensive use in  France 
also, after  having  there  undergone a  series of experiments a t   the  
hands of Messrs. Mallard  and  Le  Chatelier, on  behalf of the  French 
fire-damp commission.’ The Belgian Mueseler, which has  the  usual 
internal  funnel  or  taper  chimney of solid sheet-metal, supported 
above the wick by a horizontal  annular  diaphragm of wire-gauze, 
is subject  to  the serious  inconvenience of going  out when tilted ; its 
usefulness is  thereby  greatly  curtailed,  particularly  where  there is 
any  haulage on inclined planes. Ten  years ago Mr. Marsaut’s 
experiments led him  to modify the Mueseler lamp,  by  discarding 
the  diaphragm  while  retaining  the  chimqey ; a  sheet-iron casing 
was also added outside  the gauze cylinder,  to  prevent flame from 
passing  outwards  through it when exposed to a current of fire- 
damp ; and a movable ring was  fitted  round  the circle of the air- 
inlets, for  closing them  all  simultaneously so as t o  extinguish  the 
lamp.  This  lamp does not go out  when  tilted ; does go  out  in 
fire-damp;  and does not  let flame pass outwards,  even when 
exposed to  strong  currents of fire-damp in  any direction. The 
only inconvenience noted  by  the  French fire-damp commission, 
when recording their  high commendation of the  lamp,  was  that 
the sheet-iron casing  prevents its being  seen a t  a  glance whether 
the  lamp  is  in  proper order inside  the casing. 

Renewing  his efforts a t  improvement, the  Author  lately  entered 
upon a further extensive smies of experiments a t  BessBges, of 

* Commission du Grisou, Paris, minutes of meeting of 8th March, 1S82. 
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which a  detailed  account is given.  Excellent  drawings  are 
furnished of the  numerous safety-lamps tried, of which  the follow- 
ing is a bare enumeration, all  being examined and commented 
upon in  detail  as  to  their respective merits  and  demerits :-the 
Mueseler, of Belgian  and of English  pattern,  with several other 
varieties ; the  original  Marsaut  lamp of 1871, and  several  varieties 
of its present improved  construction ; the  Davy, of Newcastle, 
Gard, and Dubrulle patt.erns, the fire-trier’s, and  the ‘‘ tin-can” ; 
the Stephenson,  Williamson, Clanny,  Bainbridge,  Evan Thomas, 
Upton  and Roberts, Birckel, Boty, Westphalian  under  two fdrms, 
Rosenkrantz, Combes, and Cosset-Dubrulle. Tabulated  statements 
are  given of the  results obtained in  the Author’s trials of the 
various  lamps;  in  his specially elaborate  trials of the Mueseler 
and Marsaut  lamps;  in  his  experiments upon the resiRtance of 
wire-gauze to  the passage of flame, and upon the influence of the 
dimensions and  shape of the gauze itself;  and  in  trials of the com- 
parative  lighting powers of the different lamps. 

The  practical conclusions derived  from these  experiments  are 
summarised  as follows. With  the  large  Davy  lamp used in  the 
Gard  district, and with  other  lamps of the same kind,  an explosive 
still atmosphere  outside is fired by  an explosion inside the lamp. 
The addition of a second gauze  cylinder  to  these  lamps diminishes 
considerably the  frequency of outside explosions, but  is powerless 
to  prevent them. The flame seems to pass out  through  the cap of 
the gauze cylinder,  rather  than elsewhere ; whence it is well  to  add 
another  layer  or  two of gauze at  this weak part.  The outside 
atmosphere is more readily fired by explosion within a lamp  in 
which  the wick is burning low ; the  prevalent practice of lowering 
the wick on encountering fire-damp is consequently objectionable ; 
it is better  to remove the  lamp slowly, keeping  the wick at  its 
usual  height.  Large  lamps  are more dangerous  than  small ones, 
because the volume of explosive mixture  they  contain increases as 
the cube of their size, whilst  the  area of gauze or of outlet for the 
flame to pass through increases as the  square only. The glass 
cylinder  in  the Mueseler and  other lamps, though  giving a better 
light,  renders  the explosions inside more violent, because the 
explosive mixture is thereby more confined, so that  the  lamp 
becomes a sort of miniature cannon ; the glass  should  therefore  be 
kept  as  small  as possible, particularly  in  height.  The  Belgian 
Mueseler, considered the safest lamp  in use hitherto, sometimes 
explodes a still atmoaphere of fire-damp outside it. Lamps  with 
glasses are dangerous when  the wick burns low, for the same 
reason as  the  Davy ; in  the Mueseler particularly the flame can 
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then more readily pass up  through  the chimney, and so get  to  the 
upper  side of the  gauze diaphragm. The  plan  long  in vogue a t  
BessBges,  of ascertaining  the presence of fire-damp by  measuring 
the elongation of the lamp’s full flame, is safer  than  reducing  the 
flame t o  the  utmost for the purpose of seeing  the  blue cap of gas 
better;  the elongation of the flame is almost always a sufficient 
indication. When a glass lamp  is  lifted  up  into  an explosive 
atmosphere, it should be held there  steadily till it goes out, 
especially in  the case of lamps  having  their  air-inlet  at  the  top : 
instead of being  immediately  withdrawn again, as would intuitively 
be  done either  through  fear or to  keep it alight ; for  a  downward 
movement seems to  have  the effect of churning  the  gas inside the 
gauze, and so rendering its explosion more violent  and  thereby 
more dangerous. As soon as  ever  the  gas  burns  very  visibly  in a 
lamp,  and shows its characteristic  tuft of flame, there  is no fear of 
internal explosion occurring. It is particularly dangerous  for  a lamp 
to  get suddenly filled with explosive mixture by a current blowing 
the flame against one  side, or for the  lamp  itself  to  be  tilted  in  such 
an  atmosphere;  any  arrangement for checking  undue access of 
gas  to  the  lamp  is a  safeguard. The whole of the  air-inlets should 
be  protected by   a t  least a double layer of wire-gauze, even  in  the 
Mueseler lamp  with its chimney, which  latter does not  always 
isolate the  flame;  then if the  inner gauze ever  gets red-hot, the 
outer still serves as a  protection. The confined space inside a lamp 
should be  kept  as  small  as possible ; but  the gauze, which cools down 
the gases passing  out  through it when  the  lamp explodes inside, 
should present  as  large  an  extent of surface as can  be ; hence  lamps 
are  not  to be  relied  on which  have a tall glass  surmounted by a 
dwarf gauze, such  as  the big Cosset-Dubrulle, the  Bainbridge,  and 
others  like  them.  Lamps should be made of as small  diameter  as 
possible, and  should  carry  as  large a flame as  they can without 
getting too hot;  the  aim should  be to make a lamp behave as 
much  as possible like a mere chimney. I n  glass lamps  with  air- 
inlet  at  the top, the wick-holder should  be tall  enough  to raise the 
flame as  high  as  can be inside  the  glass; a neutral space is thus 
left  in  the bottom of the  lamp,  whereby  the force of an explosion 
within  the  lamp is mitigated. A chimney  in a lamp is attended 
with more or less risk. The  slightest modification in form or 
arrangement of a lamp  may make a considerable difference in its 
safety. 

Marsaut Safety-Lamp.--In its present improved  form, this  lamp 
has a strong glass cylinder, 2-44 inches  high, 1 .65  inch  inside 
diameter, and 0.31 inch  thick, secured in a protecting cage  on the 
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top of the oil  reservoir, as  in  the Mueseler lamp;  but  the Mueseler 
chimney,  and  the gauze diaphragm  that  carries it, are done away 
with.  Surmounting  the glass cylinder,  and flush with its inside 
circumference, is  an  inner gauze  cylinder, 4 inches high,  tapering 
slightly  smaller  upwards,  and closed at  the  top  by a  gauze 
diaphragm.  An  outer gauze  cylinder, about 4 inch  larger  in 
diameter, + inch  taller,  and  similarly closed at   the top, encases the 
inner  gauze;  and is fixed at  the bottom into  the copper ring  that 
forms the  upper  rim of the cage holding  the glass. The mesh of 
the gauze is  nine  hundred  and  thirty holes per  square inch, or 
thirty  and a half  per  lineal inch. The  entire gauze is shielded 
by  an  external sheet-iron  casing, which  can  be  lifted off a t  
pleasure, having  inlet holes round  the bottom  for the  air  to  enter 
the  lamp,  and  outlet  apertures a t   the  top. 

While  the general shape  and construction of the Mueseler lamp, 
as ganctioned by practice, are  thus preserved in  the Marsaut, the 
small horizontal annular  diaphragm of gauze supporting  the 
chimney  in  the former is replaced in the  latter  by  the  inner gauze 
cylinder,  which  presents a far  larger cooling surface for the  hot 
gases  inside the  lamp  to pass out. Additional safety can be se- 
a r e d  by  further covering the flat top of the  inner gauze cylinder 
with a  gauze hood, so as  to double the  thickness of gauze at  that 
part, upon which  the force of an explosion inside  the  lamp comes 
most  direct. A third complete cylinder of gauze can even  be 
added,  if  desired as an extra  precaution;  but two are considered 
safe  enough  by  the  Author,  and preferable generally. 

The  advantages of the  Marsaut  lamp  are  that it seldom goes out 
when tilted,  and  not  at  all  in  an  upward  current of air,  nor does 
it explode externally a strong  current of gas blowing upon it in 
any direction. It does not fire an explosive still mixture of air 
and  lighting gas, as  has been proved by  upwards of twelve 
thousand  trials at  BessBges, when most of the  other lamps in use 
did so, the  Belgian Mueseler included. The outside casing effec- 
tually  protects  the  gauze from getting  injured, clogged with  dust, 
or splashed ; and whenever the  lamp explodes inside, the casing 
retards  the escape of the  burnt gases, which  thus  help  to  put  the 
lamp out. By simply  covering with  the  hand  the  inlet  or  outlet 
holes in the casing, the  lamp can readily  be  put  out  whenever 
desired. 

In the trials made of the  Marsaut  lamp  at BessBges, an explosive 
mixture was employed of air  and of lighting gas, which latter 
fires more readily  than  firedamp;  and  the  wick  being reduced 
below its usual flame, the conditions  were thus more trying  than 
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are  =et  with underground. With  three forms of the  Marsaut 
lamp,  testing  two lamps of each form, upwards of six thousand 
trials failed to produce a  single external explosion ; whereas  fifteen 
Belgian Mueselers, tested simultaneously,  each of them  about a 
hundred  times over, let  the flame pass through  the horizontal 
gauze  diaphragm  in 31 per cent. of the  trials,  and  in 24 per  cent. 
1)roduced explosion outside the lamp. 

Still severer trials were also made, by  mixing  air  with  lighting 
gas in  their most highly explosive  proportions,  namely 100 volumes 
of air  to 20 volumes of gas, and exploding the still mixture  inside 
the  lamps  by  an  electric  spark.  Under this excessive test,  the 
large  Davy  lamp used in  the  Gard  district exploded the  mixture 
outside it every  time;  the Boty,  Clanny, and Belgian Mueseler, 
and  the  Marsaut  lamp  with  two gauze  cylinders,  almost every 
time;  but twelve trials of the ilfarsaut with  three gauzes, and 
ten of the fire-trier’s Davy,  gave  not a  single explosion outside. 
These tests,  and those  preceding, point  unmistakably  to  the desira- 
bility of reducing to the  utmost  both  the  tofal  internal volume of 
a  safety-lamp, and also the  height of t.he glass, since the  blind 
space enclosed by  the glass acts  like a  cannon in  propelling  the 
inside explosion violently  against  the gauze, and so driving  the 
flame out  through it. The  great cffect of the  height of the wick 
in  the glass  was proved by these experiments, a variation of less 
than 0.4 inch in  the  Boty  lamp  being sufficient to produce or 
prevent explosion outside. The  trials also show that  the  Davy of 
rcmall diameter, still used in  England  by  the fire-trier, but aban- 
doned in t.he  Anzin and Besshges collieries, presents  important 
advantages,  and if sufficiently protected against  strong  currents 
would possess a high degree of safety.  They  further demonstrate 
that  the  electric  spark is esscntially dangerous in fiery  mines : 
which should  be  borne in mind  in  any  attempts  to  introduce 
electric  lighting  in colliery  workings. 

Investigating  experimentally  the mesh and  shape of the wire- 
gauze  cylinder,  the  Author concludes that, for the same total 
area of apertures  per  square  inch, gauze of finer mesh is  safer 
than a  coarser and  heavier make. The  lamp  inside should be as 
ncarly  cylindrical  as possible throughout  its  entire  height ; and  in 
particular  the bottom of the  gauze should  be  flush with  the  inner 
circumference of the glass. Any  narrowing  at  this  part,  by  the 
insertion of a horizontal  annular  diaphragm  projecting  inwards, 
or  by  contracting  the gauze cylinder  to a smaller  diameter  than 
the glass, is objectionable : doubtless because the explosive mixture 
inside  the  lamp  gets  thereby so churned  up as to  augment enor- 
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mously the  rapidity  with  which it explodes, enabling the flame 
consequently  to pass out  through  the gauze. 

The comparative lighting power of the various  lamps tried  by 
the  Author  was  found  to be as follows :- 

ESCLISEI I STANDARD CANDLE, 100. 

1. Westphalian . . . . . .  77 8. Mueseler, Belgian . . . .  49 
2. Boty . . . . . . . .  72 

10. Bainbridge . . . . . . .  39 3. Westphalisn . . . . . .  70 
9. ,, English. . . .  44 

7. Clanny . . . . . . .  zi I ::: Stephenson . . . . . .  17 
6. Thomas . . . . . . .  ,, Newcastle . . .  20 

12. ,, Gard . . . .  22 5. Williamson . . . . . .  56 
11. Davy, Dubrulle . . .  32 4. Marsaut . . . . . . .  69 

In  the Westphalian  lamps, SOS. 1 and 3, the  air-inlet  is  through a collar of 
perforated  sheet-iron nl l  round  the neck, below the bottom of the  glass; No. 3 
was protected by the addition of a  layer of wire-gauze -inside the perforated 
collar, but No. 1 was without this protection. 

The  lighting power seems to  depend  partly upon the  metal of 
which  the  lamps  are made,  a brass  lamp  being found t o  give only 
70 per cent. of the  light  obtained from the same  make in  wrought 
iron. The difference is no doubt connected with  heat-conducting 
capacity. English  lamps  are  generally made of brass, and German 
of mought iron. Mr. Marsaut  is  inclined  to  think steel, or  perhaps 
malleable  cast iron, would be  advantageous. 

L The bougie de Z’&toiZe, freqnently  taken  in  France for the  standard of light- 
ing power, and so adopted  by  the  Author,  is  a  stearine candle, of five to  the 
pound, burning 9 . 6  grams per hour. The  English  standard is a  sperm candle, ’ 

of six to  the pound, burning  120  grains per hour ;, it is found to give only 
90 per cent. of the  light from the  French bougie de Z’EtoiZe. Hence the Author’s 
own percentages  in  this comparison are 0.9  of those here given, and  range from 
69 per  cent. for No. 1 down to 15 per cent. for No. 14. 
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